Abstract -Resonant parametric perturbation (RPP) method is an effective non-feedback method for controlling chaos. In this paper, the above method is applied for the current programmed buck-boost dc-dc converter which exhibits chaotic for wide parameter variations. The different possible operating regimes leading to chaotic operation of the current mode controlled buck-boost converter is discussed and the control of chaos by RPP method is demonstrated through computer simulations and experimental studies. The converter is stabilized to period 1 operation practically.
Introduction
Chaotic behavior has been identified in many physical and engineering systems. Power electronics is a field rich in nonlinear dynamics, and engineers who work in this field are frequent "chaos observers" [1] . During the early development and testing stages of power electronics systems, a multitude of nonlinear phenomena, such as sub harmonics, quasi-periodicity and chaos, are observed [2] . Because power electronics engineers are primarily concerned with only the regular periodic (fixed point) operation, they tend to avoid any "strange" operation by adjusting components or parameters that they believe are causing problems to their systems [3] . Because of the unpredictable or sometimes undesirable consequences chaos causes in the systems, control of chaos has now become a topic of interest.
Recently many chaos control methods have been proposed for various applications [4] . Their objectives fall into two general categories. In the first category, one of the unstable periodic orbits within a chaotic attractor is first identified as the control target, and control action is directed to stabilize the system so that it settles on the target periodic orbit. In the second category, a desired operating state is the control target, which need one be those unstable orbits embedded in the chaotic attractor. Here, the control action is to achieve the desired operating state. The first type of control objective is usually achieved by feedback methods, whereas the second type can be accomplished by nonfeedback methods. Examples of feedback methods include the Ott Grebogi Yorke (OGY) method, occasional proportional feedback (OPF) method, time-delayed feedback control method (TDFC) etc. In these methods, system variables are measured, a control law implemented and some control parameters varied to achieve the required control objective. On the other hand, for the non-feedback type of control, no system variables need to be measured and no specific periodic orbit has to be identified as the control target. Examples of non-feedback methods include adaptive control, resonant parametric perturbation, weak perturbation entrainment and migration control, etc. Compared to feedback methods, non-feedback methods are simpler and suited for practical implementations [5] .
Attention in this paper is focused on the non-feedback type of control for controlling chaos. In particular, the resonant parametric perturbation method is considered. This technique is highly suitable for controlling chaos in periodically driven systems, despite the fact that it requires nonzero control power even when the system has been controlled to its steady state [6] . In this paper, a current controlled dc-dc buck boost converter is considered and the application of resonant parametric perturbation for suppressing chaos is illustrated. Analysis and simulations are presented to show that an unstable period 1 orbit in the chaotic attractor is stabilized and the experimental results provide evidences for the proposed control method.
Analysis of DC-DC Buck-Boost Converter
The circuit diagram of dc-dc buck-boost converter operating in continuous mode is shown in Fig. 1 . Here S is the power switch and D 1 is the freewheeling diode. The switch is driven by a Pulse Width Modulated (PWM) switching signal with frequency f s and duty ratio D. The energy storage elements are inductor L, and capacitor C. R is the load resistance. V in and V o are the input and average output voltages respectively.
To analyze the steady state behaviour, each switching cycle is divided into two modes. The equivalent circuit for each mode is shown in Fig. 2 . 
Mode 1 Operation: (0 ≤ t < DT)
This mode starts at t=0, when the switch S is ON and the diode D 1 is OFF. The inductor L absorbs energy from the source. The stored energy in capacitor C is delivered to load R. i L increases linearly during this mode and the source current is the inductor current i L . During the ON period, the system matrices are given by
Mode 2 Operation: (t 1 =DT ≤ t < T)
At t=t 1 , the switch S is turned OFF. Since the current in the inductor cannot change instantaneously, the voltage across the inductor reverses its polarity in an attempt to maintain a constant current. The current, which was flowing through the switch, now flows through L, C, D 1 and the load. The inductor current decreases until the switch S is turned on again for the next cycle. The inductor delivers its stored energy to the output capacitor C and charges it up via diode. This energy supplies the load current and replenishes the charge drained away from the output capacitor. The system matrices during OFF period are given by
If V in and I in are the average input voltage and current respectively then, the voltage transfer gain in continuous mode is given by D 1
Discrete Model of the Converter
To analyze the chaotic behaviour, the discrete model of the converter is considered. A two dimensional mapping is derived which describes the behaviour of a current-mode controlled buck-boost converter, which is found to exhibit sub harmonic instability and chaos [7] . The mapping is a function that relates the capacitor voltage and current vector (v n+1 , i n+1 ) sampled at one instant, to the vector (v n , i n ) at the previous instant.
The mapping is iterated numerically to give a rapid quantitative summary of the behaviour of the circuit and the bifurcations are analyzed. The waveforms of inductor current i L and capacitor voltage v o are given in Fig. 3 . 
Switch S Closed
When switch S is closed, diode D 1 blocks at t=0 and the circuit is described by two first-order differential equations which are given as follows, 
where t n is the time at which switch opens.
Switch S Open
When S is opened, D 1 conducts and the circuit is described by two first-order differential equations.
c L c v RC
The circuit is described by these equations until the next clock pulse arrives, causing S to close. This happens for dura- 
where
The constants c 1 and c 2 are set by boundary conditions. Setting t = 0 immediately after S has opened the values of 
Equation (18) The two equations (13) and (21) 
Chaotic Behaviour in Current Mode Controlled Buck-Boost Converter
The circuit diagram of current mode controlled buckboost converter is shown in Figure 4 
Period 1 Operation
With I ref set at 1.76A, the buck-boost converter exhibits fundamental period 1 operation. The simulated and experimental waveforms of capacitor voltage, inductor current and the corresponding phase portrait are shown in Figs. 5, 6, 7, 8 and 9 respectively. The simulation and hardware results show that the buckboost converter exhibits a wide range of non-linear behavior.
Application of Resonant Parametric Perturbation to Control Chaos
The resonant parametric perturbation method is applied to stabilize the chaotic buck-boost converter. Here, a parameter that strongly affects the converter I ref is selected as the perturbing parameter [8] 
Conclusion
The various possible operating regimes of the current mode controlled buck-boost converter have been discussed and the simulation and experimental results are shown. The simulation results show a good agreement with the experimental waveforms. The resonant parametric perturbation method has been applied to the current programmed buckboost dc-dc converter [9] . The converter has been stabilized to period 1 operation practically.
